1 Electron beam polymerization from the vapor phase (E beam vapor deposition polymerization (E VDP)) makes it possible to deposit thin polymer films through a vacuum one stage process in the absence of solvents [1, 2] . In this study, this method is employed to deposit fluorocarbon films onto the sur face of crystalline silicon from hexafluoropropylene (HFP) vapor. These films may demonstrate a low per mittivity (on the order of 2.0) and a thermal stability of 350-400°С. They may be of practical interest for dep osition of thin dielectric films replacing dielectric SiO 2 layers (the so called low k dielectric problem associ ated with the development of high speed integrated circuits of a new generation), which is topical for micro and nanoelectronics [3, 4] . Note that polymer films were not previously deposited from HFP vapor by the E VDP method.
EXPERIMENTAL
Films were deposited by a procedure similar to that described in [3] in a special cell placed into the cham ber of a Camscan scanning electron microscope. The electron beam entered the cell through a thin (about 0.5 µm) polyimide membrane or a silicon nitride membrane with a thickness of 0.2 µm. The films were deposited at room temperature onto single crystal sil icon plates with a thickness of 0.5 mm at an energy of electrons of 40 keV and beam current of 1-6 µA, respectively; the monomer vapor pressure in the cell was 5-20 hPa. In each experiment on film deposition, these parameters remained unchanged. Prior to depo sition, the cell was evacuated at a residual pressure of 10 -4 -10 -5 hPa. The experimental conditions provided a charge sink from the plate surface onto which a film was deposited. The polymer films were prepared as spots with diameters of 2-6 mm.
Commercial HFP was used as received. The IR spectra of the monomer measured at a vapor pressure of 2 hPa are presented in Figs. 1a Abstract-The results of studying thin fluorocarbon films deposited onto single crystal silicon plates through electron beam polymerization of hexafluoropropylene from the vapor phase are presented. The films are deposited under the action of an electron beam with an energy of 40 keV at a monomer vapor pressure of 5-20 hPa. It is shown that plastic solid films consisting of a low molecular mass polymer with low thermal sta bility are formed at a beam current density on the order of 20 μA/cm 2 , while at current densities on the order of 150 μA/cm 2 , rigid brittle films of three dimensional crosslinked polymer are formed with a thermal stabil ity of about 350°C. It is assumed that the films are formed via chain polymerization, which at high current densities, is accompanied by polyrecombination processes leading to efficient chain crosslinking. It is found that polymer clusters are ordered in the course of film formation.
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Nos. 1-2 2010 bands at 1000-1400 cm -1 are assigned to the stretch ing vibrations of C-F bonds in CF 3 , CF 2 , and CF groups of the monomer, and a band at 1800 cm -1 cor responds to the stretching vibrations of double bonds in the monomer. The IR spectra of the monomer agree with the published data [5] and attest to the absence of noticeable amounts of impurities in it. The spectra of the gaseous monomer were measured with an AF 3 Fourier spectrophotometer (Research and Technol ogy Center of Unique Instrument Making, Russian Academy of Sciences, Moscow) in a 10 cm long gas cell with fluorite windows. The IR specular reflection spectra of the polymer films deposited onto silicon substrates were registered with a Model 580 Perkin Elmer instrument.
The thermal stability of the polymer films was esti mated from measurements of their thicknesses after heating in vacuum at different temperatures for 1 h. The variation in film thickness during heating (instead of weight loss) was used to characterize thermal stabil ity, because of the very small weights of the films deposited onto relatively heavy substrates. This proce dure was substantiated in greater detail in [3] .
The thicknesses of the films were measured with a Solver P47 SPM MTD scanning atomic force microscope (NT MTD, Zelenograd, Russia) in the tapping mode at room temperature. Prior to measure ments, a film was scratched through the center with a thin needle without deformation of the silicon sub strate. The thickness of the film was determined by scanning the film surface in the region of scratch walls (for details, see [3] ).
RESULTS AND DISCUSSION
Monolithic films with different thicknesses from 50 to 1000 nm were deposited. The analysis of the specu lar reflection spectra of the films (Fig. 1c) testified that the films were formed from polyhexafluoropropylene (PHFP). The spectra comprised a wide band in the range 1000-1300 cm -1 attributed to the stretching vibrations of C-F bonds in CF 2 and CF groups in the backbone and a weaker band at 980 cm -1 assigned to the stretching vibrations of C-F bonds in side and ter minal CF 3 groups.
The rate of the film thickness growth was 20-80 nm/min at current densities of 20-150 µA/cm 2 and a vapor pressure of 10-20 hPa. The relatively high rate of the film thickness growth likely was due to the chain polymerization mechanism.
When the deposition was conducted at monomer vapor pressures above 25 hPa, polymerization effi ciently occurred in the gas phase with the concomitant deposition of relatively large (a few micrometers in size) polymer globules onto the surface of substrate plates. Therefore, thin uniform films were deposited at lower pressures.
Much attention is attracted by the marked differ ence in the properties of films deposited at different Fig. 1 . The IR spectra of HFP and a polymer film depos ited from HFP vapor by the E VDP method: (a, b) the absorption spectra of the gaseous monomer at a pressure of 2 hPa and different scales on the abscissa axis; (c) the spec ular reflection spectrum of a 0.5 µm thick polymer film formed on a silicon substrate.
